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(S) Telephone interface circuit 

@ A transformer (44) for coupling analog infor- 
mation and a switch (50) responsive to a hoolc 
condition signal (51) are provided. The hook 
condition signal (51) provides an indication of 
the "on/off hook" condition of a conresponding 
telephone subscriber. The switch (50) provides 
a closed circuit condition to "sink** a DC cur- 
rent when the corresponding telephone sub- 
scriber is "off hook" and an open circuit 
condition when the corresponding subscriber is 
"on hook". The telephone interface circuit (70) 
further includes a capacitor (47) serially coup- 
led with the primary winding (45,46) of the 
transformer (44), to prevent DC cunrent from 
passing through the primary winding (45,46) of 
the transfonner (44). The telephone interface 
circuit (70) can be adapted for use as a remote 
terminal interface circuit or as a central office 
terminal interface circuit The interface circuit 
(70) includes first and second circuit paths 
(77,78) disposed in parallel with each other. The 
first circuit path (77) includes the transfonner 
(44), switch (50), and capacitor (47) as des- 
cribed above. The second circuit path (78) In- 
cludes a subscriber line interface circuit (39). 
The interface circuit Includes jumper wires 
(79a-79h) for selectively coupling either the first 
drcuit path (77) or the second circuit (78) path 
between a first pair of terminals (71,72) and a 
second pair of temriinals (75,76) of the interface 
drcuit (70). 
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Background of the invention 

This invention relates generally to telephone 
conrtmunlcation systems and more particularly to 
interface circuits for use in telephone communication 
systems. 

As it Is l^nown in the art, telephone communi- 
cation systems generally include a plurality of remote 
users, or telephone subscribers, and a central office. 
The central office has a plurality of pairs of terminals, 
generally refenred to as tip/ring terminals, with each 
pair coupled to a corresponding one of the plurality of 
subscribers. The central office electrically routes one 
of the plurality of subscribers (i.e. the "calling" sub- 
scriber) to another one of the plurality of subscribers 
(i.e. the "called" subscriber) so that analog voice 
and/or digital data Information may pass therebet- 
ween. Specifically, the central office electrically con- 
nects the pair of tip/ring tenninals coupled to the 
"calling" subscriber to the pair of tip/ring terminals 
coupled to the "called" subscriber. 

More particularly, the central office provides a 
direct current (DC) voltage source, typically having a 
level of -48 volts, coupled to each of the pairs of cent- 
ral office tip/ring terminals, and thus to the one of the 
plurality of subscribers coupled thereto. The DC volt- 
age is used to power circuitry within the telephone 
when analog voice and/or digital data infonmatlon is 
transmitted or received. When a subscriber, or more 
specifically a telephone receiver, is "on hook", an 
open circuit condition exists and current is prevented 
from flowing from the DC voltage source through the 
telephone. When the telephone receiver goes "off 
hook", for example when the subscriber places a call, 
a closed circuit condition is provkled and a DC current 
flows from the DC voltage source through the tele- 
phone (i.e. the telephone "sinks" a DC current). This 
DC "sinking" action is sensed at the central office and 
appropriate action is taken, for example the central 
office sends such subscriber a "dial tone" signal. The 
"calling" subscriber then enters the telephone number 
of a selected, "called" subscriber and in response to 
such dialing Information, the central office "rings" the 
telephone of the "called" subscriber by providing a 20 
Hertz AC "ring" voltage from a "ring" voltage source, 
superimposed on a DC voltage also provided by such 
"ring" voltage source, to the "called" subscriber. If the 
corresponding subscriber is "off hook", then the cent- 
ral office will not apply the 20 Hz AC "ring" voltage to 
the telephone of the corresponding subscriber and the 
central office will send a "busy signal" to the "calling" 
subscriber. If the "called" subscriber is "on hook", then 
the 20 Hz AC "ring" voltage "rings" the telephone of 
such su bscriber. If the "called" subscriber responds to 
the "ring" and goes "off hook", a closed circuit condi- 
tion is provided and the "called" telephone "sinks" DC 
current and AC cun-ent from the "ring" voltage source 
provided by the central office at the pair of central 



office tip/ring terminals coupled thereto. The central 
office senses this "off hook" condition, or the DC cur- 
rent "sinking", occurring in the "called" subscriber, 
and electrically decouples the "ring" voltage source 

5 from the tip/ring terminals and couples the DC voltage 
source to such subscriber. The central office also 
couples together the central office tip/ring terminals 
coupled to the "calling" and "called" subscribers, so 
that Information may pass therebetween. 

10 Often, when the subscribers are located at a rela- 
tively long distance away from the central office, for 
example greater than approximately 200 miles, the 
telephone communication system uses a digital loop 
canrler system which provides an interface between 

15 the central office and the subscribers. The digital loop 
carrier system generally includes a pair of switching 
systems coupled together via a high speed digital 
fransmlssion line. One of the pair of switching sys- 
tems is located near the subscribers, and may be 

20 refen'ed to as the remote terminal switching system, 
and the other switching system is located near the 
central office, and may be refenred to as the central 
office terminal switching system. Each of the switch- 
ing systems provides time division multiplexing and 

25 demultiplexing, such that, depending on whether 
infomnation is being transmitted from one of the sub- 
scribers to the central office or from the central office 
to one of the subscribers, one of the switching sys- 
tems provides time division multiplexing while the 

30 other provides time division demultiplexing. With such 
an arrangement, the digital loop earner system effec- 
tively localizes the central office to the town and is 
transparent to both the central office and subscribers. 
More particularly, each one of the plurality of sub- 

35 scribera Includes a pair of tenminals, also generally 
referred to as the tip/ring terminals, coupled to the 
remote terminal switching system through a corre- 
spond ing one of a plurality of remote terminal (RT) 
interface circuits. Similariy, each one of the paira of 

40 central office tip/ring terminals is coupled to the cent- 
ral office terminal switching system through a corre- 
sponding one of a plurality of central office terminal 
(COT) interface circuits. In order for the digital loop 
carrier system to be transparent to the central office 

45 and to the subscribers, each of the COT Interface cir- 
cuits must appear to the central office as a telephone 
would appear (i.e. inter alia have the capability to 
"sink" a DC cunrent when the conesponding sub- 
scriber is 'off hook") and each of the RT interface cir- 

50 cults must appear to the corresponding subscriber as 
a central office (I.e. provide. Inter alia, a nominal -48 
volt DC source). 

in a conventional COT interface circuit, serially 
disposed between the tip/ring terminals, are: the prim- 

55 ary winding of a transformer, a capacitor in parallel 
with a resistor, and a relay. The secondary winding of 
the transfomner is coupled to the central office termi- 
nal switching system through an analog to digital and 
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digital to analog converter, or CODEC. Thus, the 
analog voice and/or digital data Information is coupled 
between the tip/ring temfiinals of the COT Interface cir- 
cuit and the CODEC through the transfonner by 
mutual inductive coupling between the primary and 
secondary windings. The transformer provides iso- 
lation to the CODEC so that it is not damaged by the 
flow of DC cunrent. The relay is opened or closed 
selectively in response to a hook condition signal gen- 
erated at the corresponding RT Interface circuit and 
transmitted to the corresponding COT interface circuit 
through the remote terminal and central office temii- 
nal switching systems and the digital transmission 
line. The hook condition signal indicates to the COT 
interface circuit whether the corresponding subscriber 
is "on hook" or "off hook." When the conresponding 
subscriber Is "off hook", the relay is closed, providing 
a closed circuit conditbn, to penmit DC current "sink- 
ing" as refenred to above. Mere again, the central 
ofTice senses this "off hook" condition, or the DC cur- 
rent "sinking" action, and appropriate action is taken. 
When such subscriber is "on hook", the relay is 
opened, providing the open circuit condition referred 
to above. 

Since, as previously noted, the transfomier coup- 
les analog voice and/or digital data infomnation be- 
tween the tip/ring tenninals and the CODEC by mutual 
inductive coupling, it is desirable to operate the trans- 
fonner in a non-saturated condition. It is also noted 
that, when the corresponding subscriber is in the "off 
hook" condition, the relay closes and cunrent from the 
DC voltage source at the central office passes be- 
tween the tip/ring terminals of the COT through the 
primary winding of the transfonmer and the serially 
connected resistor to pennit the above described DC 
current "sinking" action. Thus, the DC current will tend 
to drive the bransfonmer into saturation and thereby 
reduce its coupling effectiveness. One technique 
used to reduce the tendency of the transfonmer toward 
saturation, Is to use a relatively large and expensive 
transfonmer, since the size of the transfonmer is 
related to the saturating flux density level and hence 
the DC current handling level of the transformer prior 
to saturation. 

The relay used on a conventional COT interface 
circuit Is generally referred to as the "hook relay", and 
has an additional resistor and capacitor disposed in 
series with each other and in parallel with the relay so 
that when the switch Is open, as is the case when the 
corresponding subscriber is "on hook", information, 
for example from a computer and modem anrange- 
ment, is coupled through the capacitor and resistor. 
However, the AC transmission loss associated with 
the information coupled through the capacitor and 
resistor may cause signal distortion. This relay is gen- 
erally a relatively large and expensive component. 

As it is also known in the art, while the use of a 
d^ital loop carrier system eliminates the cost of pro- 



viding a central office in small, remotely located towns 
having relatively few subscribers, networi<s using a 
digital loop carrier system require inventories of both 
RT interface circuits and COT interface circuits. To 

5 maintain both Inventories is relatively expensive. 
Further, in certain applications, a subscriber may 
choose to have a private branch exchange (PBX) in 
place of an existing telephone. With a PBX, it is 
necessary that the functionality of the conresponding 

10 RT and COT interface circuits be reversed. That is, 
because a PBX requires central office terminal 
functionality where remote tenminal functionality was 
provided for telephone subscribers, corresponding 
interface circuits associated with a PBX would require 

75 interchanging. Thus, when a change Is desired, a ser- 
vice technician is required to travel to the location of 
the remote terminal interface circuit to make the 
Interchange. 

20 Summary of the invention 

In accordance with the present invention, a tele- 
phone communication interface circuit has a first pair 
and a second pair of tenminals. A transformer having 

25 a primary winding and a secondary winding, with the 
secondary winding being coupled to the second pair 
of terminals Is also included. The telephone communi- 
cation interface circuit further includes a switch coup- 
led in parallel with the primary winding of the 

30 transfonner and responsive to a hook condition signal 
for providing a closed circuit between a first pair of ter- 
minals. 

More specifically, a digital loop carrier system Is 
coupled between a plurality of subscribers and a cent- 
al ral office and Includes a remote terminal multip- 
lexer/demultiplexer switching system and a central 
office terminal multiplexer/demultiplexer switching 
system. The remote terminal and central office termi- 
nal multiplexer/demultiplexer switching systems are 
40 interconnected by a transmission line. A plurality of 
remote terminal interface circuits is provided, with 
each one conresponding to one of the plurality of sub- 
scribers, and being adapted for coupling between the 
subscriber and the remote terminal muitip- 
45 lexer/demultiplexer switching system. A plurality of 
central office terminal Interface circuits Is also pro- 
vided, each one conresponding to one of the plurality 
of subscribers, and having a first pair of terminals 
adapted for coupling to a DC voltage source provided 
50 at the central office and a second pair of terminals 
adapted for coupling to the central office tenminal mul- 
tiplexer/demultiplexer switching system. Each one of 
the plurality of central office terminal interface circuits 
includes a transformer, having a primary winding and 
55 a secondary winding, such secondary winding being 
coupled to the second pair of terminals through a 
CODEC. Also provided in each of the COT interface 
circuits are: a switch responsive to a hook condition 
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signal, such signal providing an indication of the 
"onyoff hook" condition of the corresponding sub- 
scriber, such switch being disposed between said first 
pair of terminals, for providing a closed circuit be- 
tween the first pair of terminals to "sini<" DC current 5 
provided by the DC voltage source when the hook 
condition signal indicates an "off hook" condition in 
the conresponding subscriber. Means, serially coup- 
led with the primary winding between the first pair of 
terminals, prevents DC current provided by the DC io 
voltage source firom passing through the primary 
winding of the transformer. 

With such an anrangement, a digital loop carrier 
system is provided wherein each one of the central 
office terminal interface circuits has a switch for direct- is 
ing, or "sinking", a DC current when the subscriber 
associated therewith is In an "off hook" condition and 
means for preventing such current from passing 
through the primary winding of the transfonner This 
arrangement permits the use of smaller, less expen- 20 
sive transfomfiers by reducing the tendency of the 
transfonner toward saturation. In a preferred embodi- 
ment of the Invention, the DC current preventing 
means includes a capacitor. Further, because of the 
arrangement of the switch, a solid state, preferably 25 
optoelectronic switch, may be used in place of the 
relatively large and expensive relay. Therefore, the 
COT interface circuit Is relatively inexpensive. 

In accordance with a further aspect of the present 
invention, a telephone communication interface cir- 30 
cult is configurable for use as a cenb^l office tenminal 
interface circuit or as a remote terminal interface cir- 
cuit and includes a first palrof temninals, a second pair 
of tenminals, and a third pair of terminals, with the third 
pair of terminals being coupled to the second pair of 35 
terminals through a CODEC. A first circuit path 
includes a transfonmer having a primary winding and 
a secondary winding, a switch responsive to a hook 
condition signal for providing a closed circuit between 
the first pair of tenminals, and a capacitor serially 40 
coupled with the primary winding for preventing DC 
current from passing through the primary winding. A 
second circuit path comprises a subscriber line inter- 
face circuit. The telephone communication interface 
circuit further includes jumpers to selectively couple 45 
either the first circuit path between the first and third 
pairs of terminals or the second circuit path between 
the first and third pairs of tenminals. 

More specifically, the first pair of terminals is 
adapted for coupling to a DC voltage source provided 50 
at a central office when the circuit is configured as a 
central office terminal interface circuit and is adapted 
for coupling to a subscriber when the circuit is config- 
ured as a remote terminal interface circuit. The sec- 
ond pair of tenminals Is adapted for coupling to a 55 
central office terminal multiplexer/demultiplexer 
switching system when the circuit is configured as a 
central office tenminal interface circuit and is adapted 



for coupling to a remote tenminal multiplexer/demultip- 
lexer switching system when the circuit is configured 
as a remote tenminal interface circuit. The third pair of 
terminals is coupled to the second pair of terminals 
through the CODEC. The first circuit path includes: a 
transfonmer, having a primary and a secondary wind- 
ing, and switch means, responsive to a hook condition 
signal and disposed between the first pair of termi- 
nals, for providing a closed DC circuit between the 
first pair of tenminals to "sink" DC current provided by 
the DC voltage source when the signal indicates an 
"off hook" condition in the con-esponding subscriber. 
The first circuit path further includes means, serially 
coupled with the primary winding between the first 
pair of terminals, for preventing DC current provided 
by the DC voltage source from passing through the 
primary winding. The interface circuit has a second 
circuit path which includes a subscriber line interface 
circuit (SLIC), such second circuit path being dis- 
posed In parallel with the first circuit path. The tele> 
phone interface circuit further comprises means for 
selectively coupling either the first circuit path be- 
tween the first and third pairs of terminals when the 
telephone interface circuit is configured as a central 
office terminal interface circuit or the second circuit 
path between the first and third pairs of terminals 
when the telephone interface circuit is configured as 
a remote tenminal interface circuit. 

With such an arrangement, a telephone interface 
circuit is provided which is configurable as either a 
centra] office terminal interface circuit or as a renriote 
terminal interface circuit. Such a configurable inter- 
face circuit reduces the Inventory of interface circuits 
which must be stocked and maintained for operators 
of telephone communication systems using a digital 
loop carrier system since a common circuit may be 
configured as a COT or RT interface circuit. 

Brief Description of the Drawings 

The foregoing features of this invention, as well 
as the inventbn itself, may be more fully understood 
from the following detailed description of the drawings 
in which: 

FIGs. 1Aand IB are a somewhat simplified block 
diagram of a telephone communication system In 
accordance with the present invention; 
FIG. 2 is a schematic diagram of a central office 
terminal interface circuit used in the telephone 
communication system of FIG. 1; and 
FIG. 3 is a schematic diagram of an interface cir- 
cuit for use in the telephone communication sys- 
tem of FIG. 1. in accordance with an alternate 
embodiment of the present invention. 

Description of the Preferred Embodiments 

In accordance with the present invention, a tele- 
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phone communication system 10 (Figs. 1A and 1B) 
includes a central office 1 1. a digital loop can-ier sys- 
tem 12, and a plurality of remote users, or subscribers 
13a-13n. Telephone communication system 10 elec- 
trically couples one of the plurality of subscribers 13a- s 
13n, or a "calling" subscriber, to another one of the 
plurality of subscribers 13a-13n, or a "called'* sub- 
scriber, through the digital loop canier system 1 2 and 
central office 1 1 . Further, central office 11 is coupled, 
via signal line 14. to one or more different central io 
offices (not shown) so that one of the plurality of sub- 
scribers 13a-13n can be coupled to another sub* 
scriber in another telephone communication system 
(not shown). The electrical coupling provided be- 
tween one of the plurality of subscribers 1 3a-1 3n and is 
another one of the plurality of subscribers 13a-13n 
allows analog voice and/or digital data Information to 
be exchanged between such subscribers 13a-13n. 
Here, each of the plurality of subscribers 13a-13n is 
shown to be a telephone; however, in certain appli- 20 
cations it may be desirable to replace any one of the 
telephone subscribers 13a-13n with a private branch 
exchange (PBX). 

The digital loop carrier system 12 includes a 
plurality of remote terminal (RT) interface circuits 15a- 25 
15n, with each of such circuits 1 5a-15n corresponding 
to one of the plurality of subscribers 13a-13n. Each 
one of the plurality of RT interface circuits 15a-15n is 
located in dose proximity to the corresponding one of 
the plurality of subscribers 13a-13n and has a pair of 30 
tip/ring temninals Ti6a,Ri6a-Ti6n.Ri6n» respectively, 
coupled directly to the conresponding subscriber 13a- 
13n via signal line pairs 16a, 17a-16n.17n, respect- 
ively, and more particulariy to a pair of tip/ring 
temiinals Ti3a,Ri3a-Ti3n.Ri3n respectively, of the cor- 3S 
responding one of the plurality of subscribers 13a- 
13n. A second pair of temiinals 18a,19a-18n,19n of 
each of the plurality of RT interface circuits 15a-15n. 
respectively, is coupled to a remote temninal multip- 
lexer/demultiplexer switching system 20 of digital loop 40 
carrier system 12 via signal line pairs 21a,22a- 
21 n,22n, respectively. Switching system 20 is located 
relatively close to the plurality of subscribers 13a-13n 
and is further coupled to one end of a high speed digi- 
tal transmission line 23. The digital loop carrier sys- 45 
tem 12 also includes a central office temninal 
multiplexer/demultiplexer switching system 24 
located relatively dose to central office 11 and coup- 
led to another end of high speed digital transmission 
line 23. Remote temninal switching system 20 and so 
central office tennlnal switching system 24 are 
an'anged so that, at a given time, one of the switching 
systems provides multiplexing while the other pro- 
vides demultiplexing. 

For example, in operation, when infomiation is 55 
being transmitted from one of the plurality of subscrib- 
ers 13a-13n to the central office 11, remote terminal 
switching system 20 time division multiplexes the 



Information provided by each of the plurality of sub- 
scribers 13a-13n by sequentially coupling each of the 
RT interface circuits 15a-15n to digital transmission 
line 23 to provide a single signal for transmission in a 
first direction indicated by anrow 23a over line 23. 
Central office terminal switching system 24 receives 
the signal transmitted via line 23 and time division 
demultiplexes the signal to recover the individual 
infomnation provided by each one of the plurality of 
subscribers 1 3a-1 3n and transmit such infomiation to 
central office 11. Conversely, when information flows 
from the central office 1 1 to the subscribers 13a-13n, 
central office terminal switching system 24 multip- 
lexes such information to provide a single signal for 
transmission over line 23 in a second, opposite direc- 
tion indicated by arrow 23b while remote terminal 
switching system 20 demultiplexes such infomiation. 
More particulariy, when infomiation Is being transmit- 
ted from one of the plural ity of subscribers 1 3a-1 3n to 
central office 11, central office tenminal switching sys- 
tem 24 provides such demultiplexed information to 
terminals 25a-25n of a plurality of central office termi- 
nal (COT) interface circuits 26a-26n, respectively, via 
signal lines 27a-27n, respectively, as shown. When 
information is transmitted from central office 1 1 to one 
of the plurality of subscribers 13a-13n. such infor- 
mation is provided to central office terminal switching 
system 24 via temiinals 28a-28n of COT interface cir- 
cuits 26a-26n via signal lines 29a-29n, respectively, 
as shown. Each of COT interface circuits 26a-26n has 
a pair of tip/ring temiinals T26a>'^26e-1'26nf 1^260* respect- 
ively, coupled to central office 11 via signal line pairs 
30a,31a-30n,31n, respectively, as shown. In particu- 
lar, COT tip/ring temiinals T26a»R26a-T26n»R26n ar® 
coupled to a corresponding one of a plurality of central 
office circuits 32a-32n, respoctively, as shown. Thus, 
each one of the plurality of subscribers 13a-13n has 
a con-es ponding, dedicated RT interface circuit 15a- 
15n. COT interface circuit 26a-26n, and central office 
circuit 32a-32n. 

Each of the central office circuits 32a-32n has a 
pair of tip/ring terminals T32a,R32a-"'"32n.R32n. respect- 
ively, which are electrically coupled to the tip/ring ter- 
minals T28a>'^26a-1'26n*'^26n> respectively, of the 
conresponding one of the plurality of COT interface 
circuits 26a-26n via signal line pairs 30a,31a- 
30n,31n, respectively, as shown. Central office cir- 
cuits 32a-32n are coupled to a switching network 33 
via signal line pairs 34a,35a-34n,35n. respectively. 
The switching networic 33 couples the "calling" one of 
the plurality of subscribers 1 3a-13n to the "called" one 
of the plurality of subscribers 1 3a-13n. 

Here, the digital loop carrier system 12 Is a con- 
ventional time division multiplexing (TDM) system 
using Ti format encoding techniques. Thus, the infor- 
mation carried by digital transmission line 23 is quan- 
tized into eight bits, and the time period during which 
each of the plurality of remote tenninal interface cir- 
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cuits 15a-15n is sampled to provide the single signal 
for transmission (i.e. when infoimation Is being trans< 
mitted from one of the plurality of subscribers 13a-13n 
to the central office 11) is referred to as a frame. In 
accordance with Ti format, signalling Information is 5 
provided at the eighth bit, or signalling bit, of every 
sixth frame in a conventional manner. 

Each of the plurality of remote terminal interface 
circuits 15a-15n localizes thefunctionality of the cent- 
ral office 11 with respect to the corresponding sub- io 
scriber 13a-13n. Consider the case when a digital 
loop carrier system is not used and thus when the 
central office 11 is coupled directly to one of the 
plurality of subscribers 13a'13n. In this situation, the 
central office 11, and in particular central office cir- 15 
cuits 32a-32n, provide DC voltage sources 36a-36n, 
each of such sources 36a-36n having a value be- 
tween -36 and -52 volts, and nominally -48 volts, to the 
tip/ring terminals Ti3a,Ri3a-Tt3n,Rt3n, respectively, of 
the corresponding one of plurality of subscribers 1 3a- 20 
13n to power circuitry within the telephone. Further, 
each of central office circuits 32a-32n includes a "ring" 
voltage source 37a-37n to provide an AC "ring" volt- 
age, which is superimposed on a DC voltage, to "ring" 
the telephone of the con-esponding one of the plurality 25 
of subscribers 13a-13n. Central office circuits 32a- 
32n also allow analog voice and/or digital data infor- 
mation to be transmitted therethrough when one of the 
plurality of subscribers 13a-13n has been electrically 
coupled to another one of the plurality subscribers 30 
13a-13n through central office switching networic 33. 

Similar to the central office 1 1 functionality des- 
cribed above for the case when a digital loop carrier 
system is not used, when, as in FIG. 1, the central 
office 1 1 is coupled to the plurality of subscribers 13a- 35 
1 3n through a digital loop carrier system, here system 
12, each one of the plurality of remote tenninal (RT) 
Interface circuits 15a-15n provides substantially the 
same functionality as the central office 1 1. In particu- 
lar, each of the plurality of RT interface circuits 15a- 40 
1 5n provides a DC voltage source and a 'ring" voltage 
source (equivalent to each one of the DC voltage 
sources 36a-36n and "ring" voltage sources 37a-37n, 
respectively, in the central office 11) to the corre- 
sponding one of the plurality of subscribers 13a-13n 45 
to power circuitry within the telephone. 

More specifically, each one of the plurality of RT 
interface circuits 15a-15n Is identical in construction; 
an exemplary one thereof, here RT interface circuit 
15a, is shown to include a CODEC 38a and a serially 50 
connected subscriber line interface circuit (SLIC) 39a. 
Thus, referring to RT interface circuit 15a, a DC volt- 
age source, of nominally -48 volts, is provided by volt- 
age source (-V) coupled to and powering SLIC 39a 
disposed therein. Here, the SLIC 39a is Model 55 
PBL3764 manufactured and sold by Ericcson of Swe* 
den. The DC voltage source (-V) powering SLIC 39a 
is coupled to tip/ring terminals Ti6a,Ri5a. of RT inter- 



face circuit 15a, such tenminals being coupled to the 
tip/ring tenminals Ttsa.Riaa. of the conresponding sub- 
scriber 1 3a, respectively, as shown. Further, RT inter- 
face circuit 15a includes a "ring" voltage source 40a 
which provides an AC "ring" voltage (equivalent to the 
"ring" voltage provided by central office 11) superim- 
posed on a DC voltage provided by such "ring" volt- 
age source, to "ring" the telephone of the 
corresponding subscriber 13a. In particular, RT inter- 
face circuit 15a provides the AC "ring" voltage In res- 
ponse to a "ring" signal candied by signal line 41a. The 
"ring" signal corresponds to a "ring" control signal pro- 
vided by the corresponding COT interface circuit 26a, 
as will be described. Similariy, the remaining plurality 
of RT interface circuits 15l>-15n are each fed a "ring" 
signal carried by signal tines 41b-41n, respectively, 
such signals corresponding to "ring" control signals 
provided by the corresponding plurality of COT inter- 
face circuits 26b-26n as will be discussed below. 
Remote temiinal interface circuits 15a-15n also allow 
analog voice and/or digital data infomnation to be 
transmitted therethrough once the central office 11 
has coupled one of the plurality of subscribers 13a- 
13n to another, selected one of the plurality of sub- 
scribers 13a-13n. 

In particular, analog voice and/or digital data 
information is provided by one of the plurality of sub- 
scribers 13a-13n along the con-esponding one of the 
signal line pairs 16a,17a-16n,17n to the conrespond- 
ing one of the plurality of RT interface circuits 15a- 
15n. Thus, considering, for example, RT interface 
circuit 15a, the infomnation is transmitted through the 
subscriber line interface circuit (SLIC) 39a and Is 
further processed by a coder/decoder or CODEC 38a 
to provide digital information at signal line pair 21a, 
22a for transmission across line 23 to central office 
11. CODEC 38a provides both analog to digital and 
digital to analog conversion depending on the direc- 
tion of the information passing therethrough. 

Conversely, each one of the plurality of central 
office tenfninal Interface circuits 26a-26n localizes the 
functionality of the corresponding one of the plurality 
of subscribers 13a-13n with respect to the central 
office 11. In other words, COT interface circuits 26a- 
26n appear to the central office 11 as would the 
plurality of subscribers 13a-13n. Asdone above, con- 
sider again the case where a digital loop carrier sys- 
tem is not used and thus where the central office 11 
is coupled directly to the plurality of subscribers 13a- 
13n. In this situatbn, when one of the plurality of sub- 
scribers 13a-13n is the "called" subscriber for 
example, an AC "ring" voltage superimposed on a DC 
voltage Is provided across the tip/ring terminals 
Ti3a.Ri3a-Ti3n,Ri3n thereof by the corresponding one 
of "ring" voltage sources 37a-37n of central office cir- 
cuits 32a-32n, respectively, as shown. If the con'e- 
sponding subscriber 13a-13n removes the telephone 
receiver in response to such "ring" voltage (l.e. goes 
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"off hook"), the corresponding subscriber 13a-13n 
provides a dosed circuit condition to "sink", or in other 
words draw, both DC and AC current from the conre- 
spondlng one of the plurality of "ring" voltage sources 
37a-37n, respectively. However, once current flows 
through the telephone of the "called" one of the 
plurality of subscribers 13a-13n, the corresponding 
one of central office circuits 32a-32n detects the flow 
of DC current therethrough. In particular, a conre- 
sponding one of detection circuits 42a-42n detects 
the flow of DC current through the con'esponding one 
of the plurality of subscribers 13a-13n and transmits 
such information to central office switch 33 via the cor- 
responding one of signal lines 43a-43n, respectively. 
In response to such DC current "sinking" infomiation, 
central office switch 33 electrically decouples the cor- 
responding one of "ring" voltage sources 37a-37n 
from the corresponding one of the plurality of sub- 
scribers 13a-13n and couples the conresponding one 
of the plurality of DC voltage sources 36a-36n to the 
conresponding one of the plurality of subscribers 13a- 
13n so that the corresponding one of the plurality of 
subscribers 13a-13n "sinks" DC cun-entfrom the cor- 
responding one of DC voltage sources 36a-36n. 
When one of the plurality of subscribers 13b-13n, for 
example, is electrically coupled to subscriber 13a, 
and hangs up the telephone 13b-13n, such Infor- 
mation is provided to central office circuit 32a via cent- 
ral office switch 33. In response to this information, 
central office circuit 32a electrically disconnects DC 
voltage source 36a from corresponding subscriber 
13a thereby disconnecting such subscriber 13a from 
Its power source 36a and terminating the electrical 
connection between subscriber 13a and the electri- 
cally coupled one of subscribers 13b-13n. This feat- 
ure is generally referred to as "forward disconnect" 
and ensures that when a subscriber has hung up after 
being electrically connected to another subscriber, 
the electrical coupling between the two is terminated. 

In the case when, as In FIG. 1, the central office 
1 1 and the plurality of subscribers 13a-13n are coup- 
led together through a digital loop carrier system, here 
system 12, the functionality of the plurality of subscrib- 
ers 13a-13n described above, is provided by the 
plurality of COT interface circuits 26a-26n. Hence, 
each of the plurality of COT Interface circuits 26a-26n 
is adapted to receive an AC "ring" voltage superim- 
posed on a DC voltage, at the tip/ring tenminals 
T26a>R26a-T26n>'^26n thoroof, from the Corresponding 
one of the plurality of "ring" voltage sources 37a-37n 
of the corresponding central office circuit 32a-32n, re- 
spectively, coupled thereto via signal line pairs 
30a,31a-30n,31n, respectively as shown, when the 
conresponding one of the plurality of subscribers 13a- 
13n is the "called" subscriber. Further, COT interface 
circuits 26a-26n are adapted to "sink", or draw DC and 
AC, current from the one of the plurality of "ring" volt- 
age sources 37a-37n, or to draw DC current from the 



one of the plurality of DC voltage sources 36a-36n 
provided by the corresponding one of the plurality of 
central office circuits 32a-32n depending on which of 
such sources is coupled thereto. More specifically, 

5 when one of the plurality of subscribers 13a-13ngoes 
"off hook" in response to a "ring" voltage, the corre- 
sponding one of COT interface circuits 26a-26n will 
draw DC and AC current from the one of the plurality 
of "ring" voltage sources 37a-37n coupled thereto. 

10 Once the corresponding one of central office circuits 
32a-32n detects a flow of DC cunrent through the cor- 
respond ing one of COT interface circu its 26a-26n, the 
corresponding one of "ring" voltage sources 37a-37n 
is electrically decoupled from signal line pairs 

15 30a,31a-30n,31n, respectively, and the correspond- 
ing one of DC voltage sources 36a-36n is coupled 
thereto so that only a DC current Is "sunk". Further, 
when one of the plurality of subscribers 13b-13n, for 
example, is electrically coupled to subscriber 13a, 

20 and hangs up, central office circuit 32a electrically dis- 
connects DC voltage source 3Ba from COT interface 
circuit 26a. A DC current detection circuit 54a on COT 
interface circuit 26a detects the cessation of DC cur- 
rent fiow and generates a signal indicating this condi- 

25 Hon which is carried by signal line 55a through 
switching systems 24, 20, digital transmission line 23, 
and signal line 56a to RT interface circuit 15a. In par- 
ticular, signal line 56a feeds SLIC 39a of RT Interface 
circuit 15a and in response to an indication that the 

30 other electrically coupled one of the plurality of sub- 
scribers 13b-13n has hung up, RT interface circuit 
1 5a disconnects the DC voltage source (-V) from sub- 
scriber 1 3a thereby terminating the electrical coupling 
between such subscribers. Thus, the plurality of COT 

35 interface circuits 26a-26n locallzesthefunctionalityof 
the plurality of subscribers 1 3a-1 3n with respect to the 
central office 11 and the plurality of RT interface cir- 
cuits 15a-15n localizes the functionality of the central 
office 11 with respect to the plurality of subscribers 

40 1 3a-1 3n. In this way, the digital loop carrier system 1 2 
Is essentially transparent to both the central office 1 1 
and the plurality of subscribers 13a-13n, 

Each one of the COT Interface circuits 26a-26n is 
identical in construction, an exemplary one thereof, 

45 here COT interface circuit 26a, is shown to Include 
transfonmer 44a with the pair of primary windings 45a, 
46a connected in series with a DC current blocking 
circuit (here capacitor 47a) disposed between the tlp- 
/ring terminals T26a> R26a> as shown. As will be des- 

50 cribed hereinafter, capacitor 47a prevents DC current 
from flowing through the primary windings 45a, 46a. 
The secondary winding 48a of transformer 44a is 
coupled to the pair of terminals 25a, 28a of COT inter- 
face circuit 26a through CODEC 49a. A switch or DC 

55 "sink" circuit 50a is coupled to hook condition signal 
line 51a, such line 51a carrying a hook condition sig- 
nal providing an indication of the "on/off hook" condi- 
tion of the corresponding subscriber, here telephone 
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1 3a. The hook condition signal corresponds to a hook 
condition control signal which is generated by SLIC 
39a of RT interface circuit 15a and carried by signal 
line 57a to remote terminal switching system 20 as 
shown. The hook condition control signal is transmit- 5 
ted across transmission line 23 and is provided by 
central office tenninal switching system 24 to hook 
condition signal line 51a. 

When the telephone 13a is "on hook", the hook 
condition signal canried by signal line 51a indicates io 
such "on hook" condition and DC "sink" circuit 50a is 
provided in an open circuit condition. Thus, DC cur- 
rent from DC voltage source 36a or "ring" voltage 
source 37a is prevented from passing through DC 
"sink" circuit 50a by the open circuit condition and is is 
prevented from passing through primary windings 
45a, 46a by capacitor 47a. On the other hand, when 
telephone 13a Is in an "off hook' condition, the hook 
condition signal canied by signal line 51a indicates 
such "off hook" infomiation and DC "sink" circuit 50a 20 
is provided in a closed circuit condition to "sink" DC 
cun^nt. When DC current is drawn through DC *sink" 
circuit 50a, the central office 1 1 and more particularly 
central office circuit 32a, detects this "off hook" con- 
dition with DC cunrent detection circuit 42a and res- 25 
ponds accordingly, for example by sending a "dial 
tone" signal to subscriber 1 3a. As noted, DC current 
Is prevented firom passing through the primary wind- 
ings 45a and 46a of transfonmer 44a by capacitor 47a 
and thus such current does not tend to saturate trans- so 
former 44a. 

As previously mentioned, the secondary winding 
48a of the transfonner44a is coupled to the pair of ter- 
minals 25a, 28a through CODEC 49a, such CODEC 
49a converting analog voice information into digital ss 
infonmatk)n prior to transmission across the digital 
transmission line 23 and or altematively converting 
the digital information transmitted across the trans- 
mission line 23 into analog information. 

Referring also to FIG.- 2, an exemplary one of the 40 
plurality of COT Interface circuits 26a-26n, here COT 
interface circuit 26a, is shown to include a switch, or 
DC "sink" circuit 50a, coupled between tip/ring termi- 
nals T26at'^26a s^id transfonmor 44a. As previously 
mentioned, COT interface circuit 26a has the pair of 45 
tip/ring tenninals Tasa. Raea adapted for coupling to the 
centrai office 11, and in particular to a corresponding 
centrai office circuit 32a via signal line pair 30a, 31a. 
Central office terminal interface circuit 26a further 
includes a pair of temninals 25a, 28a adapted for cou- so 
pling to the central office tenninal switching system 24 
via signal line pair 27a, 29a. The DC "sink" circuit 50a 
is coupled to the primary windings 45a and 46a of 
transfonmer 44a, such primary windings 45a and 46a 
having a DC cunrent blocking circuit, or capacitor 47a ss 
disposed in series therebetween. A secondary wind- 
ing 48a of transfonmer 44a is coupled to CODEC 49a, 
such CODEC 49a being further coupled to terminals 



25a, 28a of COT interface circuit 26a. 

COT interface circuit 26a includes ring infor- 
mation circuit 52a and DC current detection circuit 
54a. Ring information circuit 52a provides Infonnatlon 
to the conresponding remote tenminal interface circuit 
15a via central office terminal switching system 24, 
transmission line 23, and remote terminal switching 
system 20 (FIG. 1) by conventional bit signalling 
techniques. In particular, ring infomnation circuit 52a 
has a pair of Input terminals coupled to the tip/ring ter- 
minals T26a. R26a 0^ COT interface circuit 26a and an 
output terminal coupled to central office terminal 
switching system 24 via signal line 53a. DC cunrent 
detection circuit 54a provides information to the cor- 
responding remote terminal interface circuit 15a via 
signal line 55a in accordance with the '*forward dis- 
connect" feature described to above in conjunction 
with FIG. 1. In particular, a current detection signal, 
conresponding to that generated by circuit 54a and 
earned by signal line 55a, is fed to RT interface circuit 
15a and canried by signal line 56a (FIG. 1). DC cunrent 
detection circuit 54a has a pair of input terminals 
coupled to DC "sink" circuit 50a and an output termi- 
nal coupled to central office terminal switching system 
24 via signal line 55a. 

In operation, when subscriber 13a is "off hook" 
and "ring** voltage source 37a has been decoupled 
from the tip/ring temninals T26a. R26a of COT interface 
circuit 26a, such terminals T26ai R26a have a DC volt- 
age provided thereon by a DC voltage source 36a 
(FIG. 1A) disposed in the central office 11. In particu- 
lar, the DC voltage source 36a is disposed in the cor- 
responding central office circuit 32a, such DC voltage 
source 36a having a value between approximately - 
36 and -52 volts, and nominally -48 volts. When the 
corresponding subscriber 13a makes a call (i.e. is the 
"calling" subscriber), and goes "off hook", such "off 
hook" infonmation is provided by a hook condition sig- 
nal to COT interface circuit 26a via signal line 51a by 
conventional signalling techniques. As previously 
described, the hook condition signal canried by signal 
line 51a corresponds to a hook condition control sig- 
nal generated by RT interface circuit 15a and carried 
by signal line 57a. In particular, when subscriber 13a 
is the "calling" subscriber and picks up the telephone 
receiver, a logic "low" signal is provided on signal line 
51a. Upon receipt of such "off hook" information, COT 
interface circuit 26a enables DC "sink" circuit 50a to 
draw a DC current from the voltage source 36a (FIG. 
1) coupled to tip/ring terminals T2eaiR28a in a manner 
that will be described in detail hereinafter. Suffice it to 
say here however, that once DC cunrentflows through 
"sink" circuit 50a, such DC current flow is detected by 
detection circuit 42a of central ofTice circuit 32a. The 
current detection signal provided by circuit 42a pro- 
vides an Indication to central office switching networic 
33 of whether the corresponding subscriber 13a is "on 
hook" or "off hook". In response to the cunrent detec- 
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tion signal Indicating an "off hook" condition, for 
example, the central office circuit 32a responds by 
sending a "dial tone" signal to corresponding sub- 
scriber 13a. Then, in response to dialing information 
provided by the conresponding, "calling" subscriber 
13a, central office 1 1 "rings" the telephone of a selec- 
ted, "called" one of the plurality of subscribers 13a- 
13n by providing an AC "ring" voltage superimposed 
on a DC voltage to such "called" subscriber. Upon 
receipt by central office circuit 32a that the selected, 
"called" subscriber has gone "off hook", the central 
office 1 1 electrically couples the "called" and "calling" 
subscribers together and penmits analog voice and/or 
digital data infonmation to pass therebetween. More 
specifically, voice information, for example, is coupled 
from corresponding subscriber 13a to signal line pair 
27a, 29a of COT interface circuit 26a. CODEC 49a 
converts the digitally transmitted voice infonnatlon 
into analog voice information which is then coupled 
through transformer 44a to the tip/ring terminals T26a. 
R26a of COT interface circuit 26a and to the corre- 
sponding central office circuit 32a via signal line pair 
30a, 31a. 

In the case when the corresponding subscriber 
13a is the "called" subscriber, ring infonmation circuit 
52a. here including a comparator (not shown), 
receives ring infonmation from the corresponding 
central office circuit 32a via signal line pair 30a, 31a 
and in response thereto, provides a "ring" control sig- 
nal earned by signal line 53a, which is transmitted 
through central office terminal switching system 24, 
transmission line 23, remote switching system 20, to 
RT interface circuit 15a. A ring signal, corresponding 
to the ring control signal generated by circuit 52a, is 
fed to RT interface circuit 15a via signal line 41a. In 
response to the ring signal, which Indicates that the 
corresponding subscriber 13a is the selected "called" 
subscriber, RT interface circuit 15a provides an AC 
"ring" voltage from "ring" voltage source 40a superim- 
posed on a DC voltage provided by such source 40a 
to the corresponding subscriber 13a via signal line 
pair 16a, 17a (Fig.1). If subscriber 13a goes "off hook" 
in response to the "ring", such "off hook" infomiatlon 
is transmitted to COT interface circuit 28a. In particu- 
lar, as previously mentioned, signal line 51a carries 
the hook condition signal to DC "sink" circuit 50a and, 
when the corresponding sut)scriber 13a is "off hook", 
causes DC current to flow through circuit 50a. Upon 
detection of this DC "sinking" or "off hook' information 
by DC current detection circuit 42a, central office cir- 
cuit 32a allows analog voice and/or digital data action 
to pass between the "calling" and the "called" sub- 
scribers. 

Thus, it is understood that in operation, regard- 
less of whether the corresponding subscriber 13a is 
the "calling" subscriber or the "called" subscriber, 
when subscriber 1 3a is "off hook", the DC "sink" circuit 
50a In the corresponding COT Interface circuit 26a 



has a flow of DC current therethrough, such cunrent 
flow occun-ing in response to the hook condition signal 
provided on signal line 51a. 

More particulariy, when the corresponding sub- 

5 scriber 13a goes "off hook", the hook condition signal 
is provided in a first, logic "low" state, via signal line 
51a. The hook condition signal is coupled to the 
cathode of a diode 63b of an optoelectronic coupler 
device 63. The anode of diode 63b is coupled to a 

10 reference potential, here of approximately 5.0 volts 
via a resistor 64, here such resistor 64 having a value 
of approximately 348 ohms. In a logic "low" state, the 
hook condition signal forward biases diode 63b of 
optoelectronic coupler 63 device, thus biasing transis- 

15 tor 63a of optoelectronic coupler device 63 to a con- 
ducting state. 

DC "sink" circuit 50a includes a diode bridge 
anrangement 58 comprising diodes 58a-58d. The 
diode bridge 58 permits operation of DC "sink" circuit 

20 50a regardless of the polarity of the DC voltage 
source 36a coupled to the tip/ring temninals T26a> ^26a' 
Resistors 59 and 62, here having values of approxim- 
ately 340Kn and 49.9Kn. respectively, are arranged 
in a series connection between terminals 58e and 58f 

25 of diode bridge 58. A 4.3 volt Zener diode 61 is dis- 
posed between resistors 59 and 62. A capacitor 60, 
here having a value of approximately 1 5 microfarads, 
is coupled In parallel with the series arrangement of 
resistor 62 and diode 61 . Capacitor 60 provides an AC 

30 impedance which, at firequencies between 200 and 
3400 Hz (such firequencies corresponding to the oper- 
ational limits of the CODEC 49a) minimizes AC volt- 
age drop, and therefore AC signal loss and distortion 
of analog voice and/or digital data information. Here, 

35 the AC transmissbn loss associated with DC "sink" 
circuit 50a is negligible. 

Thus, assuming DC voltage source 36a provides 
approximately -48 volts at terminal R26a of interface 
circuit 26a, as is generally the case, DC current will 

40 flow firom voltage source 36a through tenninal T26a« 
dk)de 58a. resistor 59, Zener diode 61, resistor 62, 
dbde 58c, and terminal R26a- IHowever, until transistor 
63a of optoelectronic coupler 63 is biased to a con- 
ducting state. DC current is inhibited from flowing 

45 through such transistor 63a. 

The DC "sink" circuit 50a further Includes a resis- 
tor 65, here having a value of approximately 348 
ohms, in series with the drain 66a of a field effect tran- 
sistor (FET) 66, the source 66b of such PET 66 being 

50 coupled through a resistor 69 to ring terminal R26a. 
Here, resistor 69 has a value of approximately 100 
ohms. The gate 66c of FET 66 is coupled to the emit- 
ter of transistor 63a of optoelectronic device 63. Diode 
68 is disposed between the gate tenninal 66c and the 

55 source tenminal 66b of FET 66 in order to protect such 
FET 66 from excessive, damaging reverse voltage 
between the gate terminal 66c and the source 66b ter- 
minal. Resistor 67 is disposed between the gate ter- 
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minal 66c of FET 66 and terminal 58f of diode bridge 
58 and provides a discharge path for the gate terminal 
66c to source tenninai 66b capacitance of FET 66. 
The discharge path provided by resistor 67 Is particu- 
larly important in orderto minimize distortion of dialing 
pulses as well as the timing of such pulses. 

When optoelectronic coupler 63, or more specifi- 
cally transistor 63a of optocoupler 63, is in a conduct- 
ing state, (i.e. the hoolc condition signal is provided in 
a logic "tow" state), FET 66 is biased to a conducting 
state. With FET 66 in a conducting state, cun-entfiows 
from the tip terminal T2Bai through diode 58a, resistor 
65, FET 66, resistor 69, and to ring terminal R26a via 
diode 58c. 

iHere, current detection circuit 54a is coupled 
across resistor 69. When current flows through resis- 
tor 69, a voltage drop across resistor 69 is sensed by 
such detection circuit 54a using a comparator (not 
shown) and the output thereof provides the current 
detection control signal, such signal being fed to the 
corresponding remote tenminal interface circuit 15a 
via signal line 55a and the corresponding current 
detection signal canried by signal line 56a (FIG. IB) 

When the hook condition signal provided on line 
51a is in a second, logic "high" state, optoelectronic 
device 63 and FET 66 are in non-conducting states. 
More particularly, diode 63b of optoelectronic coupler 
63 Is in a non-conducting state and, thus transistor 
63a of optoelectronic coupler 63 is in a non-conduct- 
ing state. Thus, FET 66 is in a non-conducting state 
and current is inhibited firom flowing through resistor 
65, FET 66, and resistor 69 to provide DC "sinl<ing" 
action. 

As was noted above in conjunction with FIG. 1, 
each one of the COT interface circuits 26a-26n Is 
identical in construction, thus each one of the COT 
interface circuits 26b-26n likewise is fed a hook con- 
dition signal via signal lines 51 b-51 n. Further, each of 
COT interface circuits 26b-26n includes a ring infor- 
mation circuit Identical to ring information circuit 52a 
(FIG. 2) and a DC current detection circuit identical to 
DC current detection circuit 54a (FIG. 2). Thus, the 
ring information circuits (not shown) in COT interface 
circuits 26b-26n are coupled to central office tenminal 
switching system 24 through signal lines 53b-53n, re- 
spectively, as shown. SImilariy, the DC current detec- 
tion circuits (not shown) in COT interface circuits 
26b-26n are coupled to central office tenninai switch- 
ing system 24, respectively, through signal lines 55b- 
55n, respectively, as shown. 

As was also noted above in conjunction with FIG. 
1, each one of the RT interface circuits 15a-15n is 
identical in construction. Thus, each one of the RT 
interface circuits 15a-15n likewise provides a hook 
condition control signal carried by signal lines 57a- 
57n for transmission to the corresponding one of the 
plurality of COT interface circuits 26a-26n. Further, 
each of RT interface circuits 15a-15n is fed a current 



detection signal via signal lines 56a-56n in accord- 
ance with the "foHA/ard disconnect" feature described 
in conjunction with FIG. 1. 

Referring now to FIGS. 1 and 3, a telephone com- 

5 munication interface circuit 70. configurable for use as 
one of the plurality of COT interface circuits 26a-26n 
or as one of the plurality of RT interface circuits 15a- 
15n is shown. Such telephone communication inter- 
face circuit 70 is hereinafter sometimes referred to as 

10 a combination interface circuit 70. The combination 
interface circuit 70 includes a first pair of tenminals 71, 
72 adapted for coupling to central office 11 when the 
combination interface circuit 70 is configured as one 
of the plurality of COT interface circuits 26a-26n and 

15 adapted for coupling to a subscriber 13a-13n when 
such circuit 70 is configured as one of the plurality of 
RT interface circuits 15a-15n. The combination inter- 
face circuit 70 further includes a second pair of termi- 
nals 73, 74 adapted for coupling to a central office 

20 terminal multiplexer/demultiplexer switching system 
24 when the combination interface circuit 70 is config- 
ured as one of the plurality of COT interface circuits 
26a-26n and adapted for coupling to a remote termi- 
nal multiplexer/demultiplexer switching system 20 

25 when such circuit 70 is configured as one of the 
plurality of RT interface circuits 15a-15n. 

More particulariy, when combination interface cir- 
cuit 70 Is configured as one of the plurality of a COT 
interface circuits 26a-26n (and replaces COT inter- 

30 face circuit 26a for example), terminals 71 and 72 are 
adapted for coupling to the corresponding central 
office circuit 32a via signal line pair 30a, 31a and ter- 
minals 73 and 74 are adapted for coupling to central 
office terminal switching system 24 via signal line pair 

35 27a, 29a. When combination interface circuit 70 is 
configured as one of the plurality of RT interface cir- 
cuits 15a-15n, and replaces RT interface circuit 15a 
for example, terminals 71 and 72 are adapted for cou- 
pling to the corresponding subscriber 13a via signal 

40 line pair 16a, 17a and terminals 73 and 74 are adap- 
ted for coupling to remote terminal switching system 
20 via signal line pair 21a, 22a. A third pair of termi- 
nals 75, 76 is coupled to the second pair of terminals 
73, 74 through a CODEC 49, as shown. The combi- 

45 nation circuit 70 includes a first circuit path 77. First 
circuit path 77 Includes a transfonner44, a switch cir- 
cuit 50, here such switch circuit 50 being the same as 
DC "sink" circuit 50a (FIG. 2), and a capacitor 47. 
Capacitor 47 prevents DC current firom passing 

50 through the primary winding (here the two serially 
connected primary windings 45. 46) of transformer 44. 
In other words, the first circuit path 77 includes sub- 
stantially all of the circuitry of COT interface circuit 
26a in FIG. 2 and operates as described above in oon- 

55 junctbn therewith. 

A second circuit path 78 includes a subscriber 
line interface circuit (SLIC) 39 and a "ring" voltage 
source 40. The second circuit path 78 is disposed in 
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parallel with the first circuit path 77, as shown. 

Combination Interface circuit 70 further includes 
jumper wires 79a-79h, for selectively coupling, be- 
tween the first and third pairs of terminals 71 , 72 and 
75, 76 respectively, either (a) the first circuit path 77, 
(as when such combination circuit 70 is configured as 
one of the plurality of COT interface circuits 26a-26n); 
or, (b) the second circuit path 78, (when such combi- 
nation circuit 70 is configured as one of the plurality 
of RT Interface circuits 15a-15n). 

More specifically, combination interface circuit 70 
is configurable as either a COT interface circuit or an 
RT interface circuit by selectively including or exclud- 
ing jumpers 79a-79h. When an application requires 
that combination interface circuit 70 be configured as 
a COT interface circuit, (i.e. when terminals 71, 72 are 
connected to tennlnals 75, 76 through path 77) the 
jumper wires that are included are as shown by solid 
lines in FIG. 3 (i.e. jumper wires 79a, 79c, 79e, and 
79g are included). With such an arrangement, combi- 
nation interface circuit 70 is configured to be substan- 
tially identical to COT interface circuit 26a of FIG. 2 
and operates in the manner described in conjunction 
therewith. For example, consider that combination 
interface circuit 70 is configured to replace COT inter- 
face circuit 26a (FIG. 1). In this case, temiinals71 and 
72 of combination circuit 70 are coupled to central 
office circuit 32a via signal line pair 30a. 31a and ter- 
minals 73 and 74 of combination circuit 70 are coup- 
led to central office terminal switching system 24 via 
signal line pair 27a, 29a. Hook condition signal line 51 
canries a signal indicating the "on/off hook" condition 
of the corresponding subscriber as described above. 
Ring information circuit 52 provides a "ring" control 
signal via signal line 53 to the conresponding RT inter- 
face circuit as described in conjunction with FIG. 2. 
DC cun'ent detection circuit 54 senses the flow of DC 
current through switch circuit 50 and provides an indi- 
cation of whether current is being "sunk" by circuit 50 
to the corresponding RT interface circuit 15a via sig- 
nal line 55, In accordance with the "fonA^ard discon- 
nect" feature as previously described. 

When an application requires that combination 
interface circuit 70 be configured as an RT interface 
circuit, jumper wires 79b, 79d, 79f, and 79h (shown In 
dashed lines) are Included and the remaining jumper 
wires 79a, 79c, 79e, and 79g are removed. Thus, ter- 
minals 71, 72 are connected to terminals 75, 76 
through circuit path 78. Consider, for example, that 
RT configured combination interface circuit 70 is con- 
figured to replace RT Interface circuit 15a (FIG. 1). In 
this case, terminals 71 and 72 of combination circuit 
70 are coupled to corresponding subscriber 13a via 
signal line pair 16a, 17a and terminals 73 and 74 of 
combination circuit 70 are coupled to remote terminal 
switching system 20 via signal line pair 21a, 22a. A 
"ring" signal is carried by signal line 41 to "ring" volt- 
age source 40 and causes such source 40 to be coup- 



led to the corresponding subscriber 13a when it is 
desired to "ring" the telephone of such subscriber. 
Signal line 56 canries a signal that conresponds to the 
signal generated by DC cunrent detection circuit 54 on 

5 the conresponding COT interface circuit and indicates 
whether the subscriber coupled to the corresponding 
subscriber has hung up in accordance with the "for- 
ward disconnecf feature. If such an indication is pro- 
vided, the signal carried by signal line 56 causes the 

10 DC voltage source -V to be electrically decoupled 
from the corresponding subscriber and thereby temrii- 
nate the electrical connection between the subscrib- 
ers. Signal line 57 canries the hook condition control 
signal to the corresponding COT interface circuit, 

15 such signal indicating the "on/off hook" condition of 
the corresponding subscriber as previously des- 
cribed. 

Having described preferred embodiments of the 
invention, it will now become apparent to one of skill 
20 In the art that other embodiments incorporating their 
concepts may be used. It is felt, therefore, that these 
embodiments should not be limited to disclosed 
embodiments but rather should be limited only by the 
spirit and scope of the appended claims. 

25 

Claims 

1. A central office terminal interface circuit having a 
30 first pair of terminals and a second pair of tennl- 
nals, said interface circuit comprising: 

(a) a transformer, having a primary winding 
and a secondary winding, said secondary 
winding being coupled to said second pair of 

35 terminals; and 

(b) switch means, coupled in parallel with the 
primary winding of the transformer and res- 
ponsive to a hook condition signal, for provid- 
ing a closed circuit between said the first pair 

40 of tenfninals. 

2. The interface circuit recited in Claim 1 further 
comprising means, serially coupled with the prim- 
ary winding of the transformer, for preventing DC 

45 currentfirom passing through the primary winding. 

3. The interface circuit recited in Claim 2 wherein 
said DC current preventing means comprises a 
capacitor. 

50 

4. A central office terminal interface circuit for trans- 
mitting and receiving analog voice and/or digital 
data infonmation, such interface circuit having a 
first pair of tenfninals adapted for coupling to said 

55 central office and a second pair of terminals adap- 
ted for coupling to a central office terminal multip- 
lexer/demultiplexer switching system, said 
interface circuit comprising: 
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(a) a transformer, having a prinnary winding 
and a secondary winding, said secondary 
winding being coupled to said second pair of 
tenrtinats; 

(b) switch means, responsive to a hook con- s 
dition signal, such signal providing an indi- 
cation of the "on/off hook" condition, such 
switch means being disposed between said 
first pair of terminals, for providing a closed 
circuit between said the first pair of terminals io 
to "sink" DC current provkJed by the DC volt- 
age source when said signal indicates an "off 
hook" condition in the corresponding sub- 
scriber; and 

(c) means, serially coupled with the primary is 
winding between the first pair of terminals, for 
preventing DC current provided by the DC 
voltage source from passing through the prinv 

ary winding. 

20 

5. The interface circuit recited in Claim 4 wherein 
said DC cunrent preventing means comprises a 
capacitor. 

6. The interface circuit recited in Claim 4 wherein 25 
said switch means includes an optoelectronic 
device. 

7. The interface circuit recited in Claim 4 wherein the 
switch means is disposed in parallel with said 30 
primary winding. 

8. A digital loop carrier system coupled between a 
plurality of subscribers and a central office, such 
system including a remote terminal multip- 35 
lexer/demultiplexer switching system and a cent- 
ral office terminal multiplexer/demultiplexer 
switching system, said switching systems being 
coupled together via a transmission line, said 
digital loop carrier system comprising: 40 

a plurality of remote terminal interface cir- 
cuits, each one of such circuits corresponding to 
one of the plurality of subscribers and being adap- 
ted for coupling between said subscriber and said 
remote terminal multiplexer/demultiplexer switch- 45 
ing system; 

a plurality of central office tenminal inter- 
face circuits, each one of such circuits corre- 
sponding to one of the plurality of subscribers and 
having a first pair of terminals adapted for coupl- so 
ing to a DC voltage source provided at said cent- 
ral office and a second pair of tenminals adapted 
for coupling to said central office terminal multip- 
lexer/demultiplexer switching system, each one 
of sakJ central office terminal Interface circuits 55 
comprising: 

(a) a transfomner, having a primary winding 
and a secondary winding, such.secondary 



winding being coupled to said second pair of 
terminals through a CODEC; 

(b) switch means, responsive to a hook con- 
dition signal, such signal providing an Indi- 
cation of the "on/off hook" condition of the 
conresponding subscriber, such switch means 
being disposed between said first pair of ter- 
minals, for providing a closed circuit between 
said first pair of terminals to "sink" DC current 
provided by the DC voltage source when said 
signal indicates an "off hook*' condition in the 
conresponding subscriber; and 

(c) means, serially coupled with the primary 
winding between the first pair of terminals, for 
preventing DC current provided by the DC 
voltage source from passing through the prim- 
ary winding. 

9. The digital loop carrier system recited in Claim 8 
wherein said DC cunrent preventing means com- 
prises a capacitor. 

10. The digital loop carrier system recited In Claim 8 
wherein said switch means includes an optoelec- 
tronic device. 

11. A telephone communication Interface circuit con- 
figurable for use as a central office terminal inter- 
face circuit or as a remote terminal interface 
circuit, said telephone communication interface 
circuit comprising: 

a first pair of terminals; 
a second pair of temnlnals; 
a third pair of terminals, coupled to said 
second pair of terminals through a CODEC; 
a first circuit path including: 

(a) a transformer, having a primary winding 
and a secondary winding; 

(b) switch means, responsive to a hook con- 
dition control signal for providing a closed cir- 
cuit between said first pair of temilnais; and 

(c) means, serially coupled with the prinnary 
winding between the first pair of terminals, for 
preventing DC current from passing through 
the primary winding; 

a second circuit path comprising a sub- 
scriber line interface circuit; and 

means for selectively coupling either said 
first circuit path between said first and third pairs 
of temiinals or said second circuit path between 
said first and said third pairs of tenminals. 

12. The telephone communication interface circuit 
recited in Claim 11 wherein said transformer 
includes a pair of primary windings and the DC 
current preventing means includes a capacitor. 

13. A telephone communication interface circuit for 
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transmitting and receiving analog voice and/or 
digital data information configurabie for use as a 
central office tenminal interface circuit or as a 
remote temninal interface circuit, said telephone 
communication Interface circuit comprising: s 

a first pair of terminals adapted for coupl- 
ing to a DC voltage source provided at a central 
office when said circuit is configured as a central 
office terminal interfece circuit and adapted for 
coupling to a subscriber when said circuit Is con- io 
figured as a remote terminal interface circuit; 

a second pair of terminals adapted for cou- 
pling to a central office tenminal multip- 
lexer/demultiplexer switching system when said 
circuit is configured as a central office temninal is 
interface circuit and adapted for coupling to a 
remote terminal multiplexer/demultiplexer switch- 
ing system when said circuit is configured as a 
remote temninal interface circuit; 

a third pair of temninais, coupled to said 20 
second pair of temninals through a CODEC; 

a first circuit path Including: 

(a) a transfomner, having a primary winding 
and a secondary winding; 

(b) switch means, responsive to a hook con- 25 
dition control signal and disposed between 

said first pair of terminals, for providing a 
closed circuit between said first pair of termi- 
nals to "sink" DC current provided by the DC 
voltage source when said control signal Indi- so 
cates an "off hook" condition in said sub- 
scriber; and 

(c) means, serially coupled with the primary 
winding between the first pair of terminals, for 
preventing DC current provided by the DC as 
voltage source from passing through the prim- 
ary winding; 

a second circuit path comprising a sub- 
scriber line interface circuit, such second circuit 
path being disposed in parallel with sakl first cir- 40 
cult path; and 

means for selectively coupling either said 
first circuit path between said first and third pairs 
of temiinals when said telephone communication 
interface circuit is configured as a central office 45 
terminal Interface circuit or said second circuit 
path between said first and said third pairs of ter- 
minals when said telephone communication inter- 
face circuit is configured as a remote terminal 
interface circuit. so 

14. The telephone communication Interface circuit 
recited in Claim 13 wherein sakJ transformer 
includes a pair of primary windings and the DC 
current preventing means includes a capacitor. 55 
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